INTRODUCTION
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic inflammation of synovial joints [1, 2] . The persistence of intra-articular inflammation causes cartilage destruction and bone erosion, leading to peripheral joint deformation and disability. Joint damage and functional loss are present at the very early stages, but the rate of progression of disease varies among individual patients [3, 4] .
The global prevalence of RA in the adult population is estimated to be 0.5-1%; however, it appears to depend greatly on the geographical area (Japan 0.2%, Netherlands 1-1.5%, Scandinavian Peninsula 3%, Spain 0.5%, and United States 1%) [5, 6] . In Italy, two observational studies estimated a prevalence of 0.33% in Liguria and 0.31% in Lombardy [5, 7] .
Despite its relatively low prevalence, RA is associated with significant disability and high economic and social impact [8] . Conventional disease-modifying anti-rheumatic drugs (cDMARDs), such as methotrexate (MTX), represent the first-line of treatment, whereas biologic disease-modifying anti-rheumatic drugs (bDMARDs) constitute second-line strategy and are recommended in all patients with inadequate response or who are intolerant, or for whom it would be inappropriate to continue treatment with cDMARDs [9, 10] .
The use of bDMARDs has brought significant progress in RA therapy as they allow a very high proportion of patients to achieve clinical remission or low disease activity, with a concomitant reduction of long-term disability [11] [12] [13] [14] [15] . In most cases, bDMARDs-including adalimumab (ADA), abatacept, infliximab, etanercept (ETN), certolizumab (CTZ), golimumab, rituximab, and tocilizumab (TCZ)-are administered in combination with MTX for the treatment of moderate to severe RA in adult patients with an inadequate response to MTX. In other cases, some of these agents (ADA, ETN, CTZ, and TCZ) can be used as monotherapy in the treatment of RA patients who are intolerant to MTX, or for whom it is inappropriate to continue treatment with MTX.
By focusing attention on this latter therapeutic indication, the aim of this analysis was to estimate the efficacy and treatment costs of monotherapy with bDMARDs in treatment of RA patients who are intolerant to MTX, or for whom it is inappropriate to continue MTX treatment.
METHODS

Clinical Data
The main criteria for evaluating improvement or clinical response to pharmacological treatment for RA are those recommended by The present economic analysis is based on two meta-analyses that focused on the efficacy of bDMARD monotherapy for the treatment of RA [19, 20] . The first, carried out by Orme et al.
[20] using the main medical databases (Medline, Embase, and Cochrane Library), considered all randomized phase 2 and 3 clinical studies on the treatment of patients with RA using ACR (ACR 20, 50, and 70) criteria as the clinical endpoint. In line with the main objective of the present analysis, Table 1 shows the details of the estimated efficacy data (vs. placebo) for the bDMARDs used in monotherapy.
The second meta-analysis, which is a ''final appraisal determination'' from the UK National Institute for Health and Care Excellence (NICE)
[19], available online, evaluated the efficacy of bDMARDs in the treatment of treatment-naive patients with RA or those who failed previous treatment with cDMARDs using EULAR criteria. The efficacy results (vs. placebo) are shown in Table 2 and refer to biologics used as monotherapy [19] . To overcome the problem of finding a result indicator without being able to evaluate its quality, it was decided to perform a pharmacoeconomic comparison between bDMARDs with the aim of estimating the respective cost for the number needed to treat (NNT) compared to placebo [22, 23] . This indicator represents the number of patients to be treated to obtain a given therapeutic benefit, or in this case the number of patients that has to be treated with a specific bDMARD compared to placebo to obtain a responder, in which efficacy is measured using both ACR and EULAR criteria. Hence, by multiplying this indicator by the relative cost of treatment, the cost of NNT associated with the bDMARDs can be calculated.
Time Horizon and Perspective
When comparing two or more healthcare technologies for pharmacoeconomic purposes, national [21] and international guidelines [25, 26] recommend the use of a time horizon suited to understand all the main differences expressed in terms of both outcomes and treatment costs. Given that in the majority of the clinical studies considered in the two meta-analyses, the median follow-up efficacy period was 24 weeks; it was decided that for this analysis, a 6-month period would be adequate to understand the most important differences in efficacy and treatment costs.
The economic analysis was conducted from a National Health Service (NHS) perspective. 
Treatment Cost
Direct medical costs, such as pharmacological therapy (bDMARDs), administration and monitoring were only considered. Other direct medical costs (i.e., adverse events) were excluded since they were assumed similar to all bDMARDs considered. Table 3 In line with the procedures implemented in Italy, the cost of administration was considered only for the bDMARDs administered intravenously, whereas no cost was assumed for sc drugs. The charge applied for an iv infusion was considered to be €11.62, as indicated by the national list of charges for specialist outpatient healthcare services [27] . The healthcare resource consumption associated with monitoring activities was calculated using the data indicated in a recent national experience comparing TCZ iv with ADA sc [28] . Table 4 indicates the healthcare 
Sensitivity Analysis
The sensitivity analysis was carried out with the aim of evaluating the degree of uncertainty of the results of the base case [29] . It focused on the key variables of the analysis, i.e., the efficacy data obtained from the two meta-analyses, which made it possible to determine the mean cost for the NNT for the biologics considered. A first part of the sensitivity analysis was conducted by simultaneously varying each efficacy parameter to observe its effect on the mean cost per NNT, considering first the lower and then the upper limit of the respective variability range.
In a second phase, to obtain data on the use of CTZ monotherapy, the base case results were recalculated, replacing the ACR response rates estimated by Orme et al. [20] with those obtained in another meta-analysis, whose objectives also included estimating the efficacy of monotherapy in patients who are intolerant to MTX, or for whom it is inappropriate to continue treatment with MTX [30] . In that meta-analysis, a specific efficacy value (ACR 20, 50, and 70) was calculated for TCZ and a mean value was calculated for TNF-a inhibitors among which CTZ was considered, in addition to ETA and ADA. For the latter, an overall 6-month cost of €6084.06 was considered. In line with the methods adopted for the other biologics, the cost was composed of €100.48 for monitoring and €5983.58 for purchase of the biologic (Table 3) . For the sc bDMARDs, no cost was considered for administration. Sensitivity analysis on monitoring and administration costs was not performed as they have a minimal impact on overall costs, and therefore, even significant changes in the base values would not have produced any out. In the base case, the purchase cost net of compulsory legal discounts and gross of any other discounts granted to hospital facilities was used. As this latter type of discount is hard to quantify, it was preferred to not consider alternative scenarios to the base case, which undoubtedly would not have reflected the actual situation.
Compliance with Ethics Guidelines
This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.
RESULTS
NNT (Efficacy) Table 5 shows two separate series of NNT for TCZ (iv/sc), ADA, and ETA. The first series was calculated using ACR criteria, while EULAR criteria were used for the second. In both cases, TCZ (iv/sc) had a lower NNT (higher efficacy) than the other agents. The difference in the values observed for ETN was more pronounced using EULAR criteria, whereas in the comparison with ADA, the most sensitive differences were observed with ACR criteria.
Cost of Treatment Table 6 shows the mean 6-month cost per treated patient, which is the sum of the ex-factory drug price plus the costs of administration and monitoring (these last two expense items only have a minimal impact on the overall cost (range 1.5-4.8%). ETN had the lowest treatment cost (€6402.19), followed by ADA (€6698.84), TCZ sc (€6887.61), and TCZ iv (€7130.83). The differences compared to ETN vary from a minimum of approximately €300
(vs. ADA) to a maximum of about €700 (vs. TCZ iv). Figures 1 and 2 show the mean cost per NNT calculated using ACR or EULAR response showed that TCZ sc was the best treatment option, followed by TCZ iv. The differences compared to ETN and ADA were significant and related with the level of efficacy. Table 7 shows the results of the sensitivity analysis carried out in the light of changes in efficacy rates in relation to the limits of the corresponding variability ranges. In almost all comparisons, TCZ was associated with the lowest mean costs for NNT, with the exception of the case considering the upper limit of the confidence interval for the EULAR criteria, where ETN appeared to be the most cost-effective option. Table 8 shows the results of the sensitivity analysis using efficacy data of the meta-analysis conducted by Buckley et al. [29] . In this comparison, TCZ (sc/iv) had the lowest mean 
Cost for NNT
Sensitivity Analysis
DISCUSSION
The present analysis used the NNT as a synthetic indicator to assess the clinical Rheumatism, NNT number needed to treat, iv intravenous, sc subcutaneous, TCZ tocilizumab TCZ had the lowest mean cost for the NNT calculated with both response criteria, which were slightly higher for the iv formulation after administration and monitoring. The costs calculated for the other sc bDMARDs were significantly higher. Hence, it was seen that the greater the clinical improvement, according to ACR (20, 50, or 70) or EULAR criteria (moderate or good response), the greater the difference in NNT costs in favor of TCZ (sc/iv). While it is worthwhile to discuss the results of economic analysis by comparing them with those already published, to the best of our knowledge there are no other similar assessments in this specific patient population. However, three cost-utility analyses that estimated the incremental cost per QALY for TCZ compared to other TNF-a inhibitors are available. In the first study, carried out in Greece, TCZ had an incremental cost per QALY of €28,837 compared to the use of other TNF-a inhibitors in the treatment of patients intolerant to MTX or for whom it was not appropriate to continue treatment with MTX [31] . The second analysis, carried out in the United States, compared monotherapy with TCZ or ADA for the treatment of patients with RA for whom treatment with MTX was not appropriate [32] . The authors, on the basis of [33] , from the UK, evaluated the cost-utility of TCZ in addition to the current sequence of treatments envisaged for RA. In that report, two scenarios were explored: one for patients for whom MTX is contraindicated and one for tolerant patients. For each of these scenarios, three different treatment strategies were compared: (1) standard of care (consisting a sequence of the most commonly administered biologics), (2) TCZ as first-line therapy, and (3) TCZ as second-line therapy. In patients for whom MTX is contraindicated, TCZ was found to be cost-effective as both first-and second-line therapy, whereas in MTX-tolerant patients the strategy involving the addition of TCZ (first-or second-line) was found to be similar to that determined by the standard of care. All three analyses concluded that TCZ was a cost-effective option in patients with RA for whom biologic monotherapy was indicated, thus confirming the results of the present analysis with different methods.
To analyze the limits of our study, as previously mentioned the two meta-analyses considered did not allow determination of clinical outcomes expressed in terms of survival simple or QALY, essentially changing the choice of assessment method to the cost for the NNT as an indicator of cost-effectiveness. For this reason, we compared the bDMARDs by calculating the number of subjects needed to be treated to achieve a specific therapeutic target (ACR/ EULAR). With this indicator, it was possible to determine an order of preference among the bDMARDs based on cost-effectiveness.
A further aspect that needs to be discussed is the efficacy data used to calculate the NNT. responses [34] .
Hence, it must be pointed out that the efficacy of TCZ, as mentioned in both meta-analyses, must be interpreted with a caution given the direct effect that the agent has on CRP values, as the latter is a component of the ACR and EULAR composite endpoints on which the comparison was based. To confirm the validity of the results of the meta-analyses, it is important to remember that in some of the most recent clinical studies investigating the efficacy of TCZ monotherapy (ACT-RAY and ADACTA studies) that the composite endpoints were calculated using ESR values only. This avoids potential bias due to CRP values, but at the same time confirmed the greater efficacy of TCZ [35, 36] . Hence, a post hoc analysis of the ADACTA study [36] , which used the Clinical Disease Activity Index (CDAI) criterion (a parameter that does not consider values such as CRP or ESR to evaluate disease activity and remission rates), also confirmed the efficacy of TCZ, in agreement with the findings obtained in the ADACTA study [35] .
Given the limited effect on total costs, no sensitivity analysis was conducted for monitoring and administration of drugs. To allow homogeneous comparison for the biologic agents, the cost considered was the NHS purchase cost net of compulsory legal discounts only. Because it is difficult to identify the actual drug cost that takes into account all the discounts granted to hospital structures, it was considered unreasonable to conduct sensitivity analysis on this parameter.
As this economic analysis was conducted from the Italian NHS perspective, the present results may not be directly generalized to other countries with different drug costs and healthcare services reimbursement.
Furthermore, the analysis considered only the economic impact of a few direct medical costs (drugs, administration, and monitoring).
CONCLUSIONS
The results of the present economic assessment, estimating the mean costs of NNT showed that 
